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ABSTRACT

The quality of Moringa oleifera seeds need to be ensured before sowing or
using the seeds for other commercial purposes like oil extraction. In this
study, an attempt was made to increase the efficiency of a specific gravity
separator machine to upgrade the quality of moringa seed by suitably
changing the machine settings viz., horizontal height (cm), vertical height
(cm), and oscillation speed (rpm) of the deck and air blow rate (m3/hr). The
optimization of moringa seed quality upgrading specific gravity machine
has a horizontal height (cm), vertical height (cm), and air blow rate (m3/hr)
adjustments of O, 1.5, and 4.0 respectively at 450 rpm of deck oscillation.
Under the above-optimized conditions, seed lot graded into five categories
viz., A, B, C, D and E. Germination percentage of three grade viz., C, D, and
E have 93.0%, 97.0%, and 96.0% respectively, which was higher than the
germination percentage of ungraded bulk moringa seed lot (91.0%) used in
this experiment. Seed with undesirable size and low in weight got separated
as ‘A’ grade material. The optimization of moringa seed upgarding process
showed the optimal processing conditions for grading the moringa seed
based on physical property of the seed. The optimization of the moringa
seed-grading machine would provide necessary information on combination
of seed, operation and design parameters for enhancing seed quality.
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INTRODUCTION

Moringa seeds developing at different positions
on the mother plant may not have the same size,
shape, weight, and germination potential. It may
be due to resources are not distributed equally
to all seeds. Thus, some seeds are larger than
others, and large seeds may have a different level
of germination potential than small ones (Datta
et al., 1970; Halloran and Collins, 1974). Another
possibility for differences in the weight of the seed is
that pods produced at the top of the tree developed
under different environmental conditions than
those produced at the bottom of the tree. Also, the
physiological maturity of the mother plant may vary
when seeds are produced in different positions.

In some species, the position of the seed in
the fruit influences seed size and vigour, and thus
indirectly the expressed in the germinating seedlings.
In legumes, ovules in the basal and stylar ends of
the fruit got affected compared to the ovules in the
middle portion, particularly in Vigna unguiculata.

*Corresponding author’s e-mail: masil_mahes@yahoo.com

Further, Kang et al., (1993) reported that seeds
developed at the middle and basal end of the fruit
were heavier than those that did so at the stylar end.
In legumes of Robinia pseudoacacia, seeds at the
stylar end had more mass than those at the basal
end, and seedlings from seeds with high mass were
larger than those from seeds with low mass (Susko,
2006). In the commercial-scale moringa seed
production programme at Agricultural Engineering
College and Research, Institute, Kumulur, Tamil
Nadu, we face a high level of polymorphism among
the harvested moringa seeds regarding size, shape,
and weight. In addition, seed damage is a factor
arising from mechanized shelling of moringa (Fadele
and Aremu, 2016) and resulted in reduction of
germination due to presence of both undamaged
and broken seeds in the final lot.

All the above problems necessitate the grading
of moringa seed to reduce the heterogeneity and to
maximize the homogeneity and quality of the final
seed lot. Optimization of grading process is useful
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in minimizing the heterogeneity of the processed
agricultural produce. This technique could be
applied in maximizing parameters such as grading
efficiency. Optimization of efficiency of a machine
is a process of identifying the best combination
of different variables with the objective of getting
better output. Rashid et al., 2011 optimized the
transesterification process for moringa seed oil by
adopting response surface methodology (RSM);
Dehuller machine was optimized to reduce seed
damage during removal of seed from capitulum
of safflower (Figueiredo et al. 2013 and 2014 and
moringa (Aviara et al. 2013). Kumar et al. 2016
optimized the decorticator for improving the sal seed
decortication process.

Most researchers attempted to assess the effects
of variation in sizes of seeds on grading processes.
Irregularities in seed sizes should be dealt with by
proper grading. However, many of the researchers
expressed difficulty in establishing a workable
machine setting for each size grade that will allow
an acceptable balance to be achieved between the
separation of damaged and undamaged seeds.
Therefore, this research presents an optimal
combination of operation parameters (oscillation
speed (rpm) of the deck and air blow rate (m3/hr))
and design parameter (horizontal and vertical height
(cm) of an oscillating deck of the machine) in the
grading process of moringa seed.

MATERIAL AND METHODS

Moringa seeds of variety PKM 1 were collected
from seed production field of Agricultural Engineering
College and Research, Institute, Kumulur, Tamil Nadu
and used for these study. Collected heterogeneous
materials were graded in a specific gravity separator
by adjusting the machine settings combination
like horizontal height and vertical height of deck,
air blow rate and deck oscillation rate. Three
different combination of machine settings viz., C1
(horizontal height (0.0cm) of deck, vertical height
of deck (1.0cm), air blow rate (3.5 m3/hr)), C2
(horizontal height (0.0cm) of deck, vertical height
of deck (1.5cm), air blow rate (4.0 m3/hr)) and C3
(horizontal height (0.0cm) of deck, vertical height of
deck (2.0cm), air blow rate (4.5m3/hr)) were tried
in this experiment. After making every machine
settings adjustment, seed grading was performed
and all the run seeds were collected in all the five
outlets, namely A, B, C, D, and E. All the collected
grade-wise seeds were verified for seed recovery
percentage and 100 seed weight measurement
in order to find out ideal machine settings for the
recovery of good quality seeds alone from the given
seed lot at large scale level. Likewise, all the grades
of seed samples were analyzed for seed germination
as per the protocol given by the ISTA (2014). During
the seed germination test, the speed of germination

(Maguire, 1962), seedling length (ISTA, 2014), dry-
matter production (Gupta 1993), and seed vigour
(Abdul-Baki and Anderson, 1973) was measured.

In addition, physical and physiological quality
parameters, biochemical properties like protein
(Lowery et al., 1951), carbohydrate (Taylor, 1995)
and oil content (Natarajan et al.,2003) were also
measured.

Experiments were conducted in a Factorial
Completely Randomized Block Design (FCRD). The
results were subjected to analysis of variance and
tested (t-test) for significant difference (p=0.05)
as suggested by Panse and Sukhatme (1999).
Percentage values were transformed into arc sine
values prior to statistical analysis.

RESULTS AND DISCUSSION

Specific gravity separator was operated with
moringa seeds in view of optimizing the machine
settings to grade the moringa seeds based on their
physical properties.

During each run the main parameters viz.,
vertical height, horizontal height, air blow rate and
deck oscillation speed were adjusted for three
combination of machine setting. During all the runs,
seeds were collected from all the five outlets namely
A, B, C,DandE.

Among the three machine settings combination
viz., C1, C2 and C3 were tested, machine setting
combination of C2 was found to be ideal and more
specific for grading the moringa seeds. This was
confirmed based on graded seed material physical,
physiological and biochemical properties.

To verify the physical, physiological and
biochemical parameters of the seed collected
from all five outlets of specific gravity separator
machine operated with optimized machine settings
combination C2, experiments were conducted along
with ungraded bulk seed material as a check.

In this experiment, seeds collected from the
outlet D operated with the machine settings of C2
recorded significantly higher value for seed recovery
percentage, 100 seed weight and seed filling
percentage when compared to seed collected from
the remaining four outlets operated with the same
settings and bulk. Regarding seed filling, the outlets
of B, C, D and E with C2 combination of machine
settings recorded the highest filling percentage
(100 %), whereas the seed collected from outlet
A recorded the lowest value of 39.5 % (Table 1
& Figure 1). The percentage of germination recorded
by seed collected from the outlet D with C2 was 97
percent. This value was 33, 6, 4, 1 and 6 percent
higher than the seed collected from outlets A, B, C,
E and ungraded bulk, respectively. The shoot length,
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root length, dry matter production, vigour index | and also followed the same trend as that of germination
vigour index Il and field emergence percentage were value recorded for all the five grades of seeds (Table
2, 3,4 &Figure 1).

Table 1. Effect of specific gravity separation of seeds on seed recovery (%), 100 seed weight (g) and seed
filling (%) of Annual moringa var. PKM 1

Specific gravity grades Seed recovery (%) 100 seed weight (g) Seed filling (%)
c1 Cc2 c3 Mean Cc1 Cc2 Cc3 Mean Cc1 c2 Cc3 Mean
25 5 8.3 5.27 57 40 64 57
A 9.09) (1292  (16.74) (12.92) 2309 2187 2431 23.09 4443 (3894) (53.13) (47.03)
137 15 22 16.90 79 100 82 79
B ©21.72)  (22.79) (27.97)  (24.16) 2362 2637 2489 2496 504 (g7.75) (64.92)  (71.80)
35.9 32 244  30.77 86 100 87 86
¢ (36.81)  (34.45)  (29.60) (33.62) <2>15 28AT 2558 2630 ga04 (g7.75)  (68.89)  (74.89)
322 35 33 33.40 %9 100 99 99
b (3457)  (36.27)  (35.06) (35.31) 2051 3278 2815 2945 g343  (87.75)  (86.90) (86.09)
15.7 13 123 13.67 89 100 89 89
E (2338 (21.13)  (2053) (21.66) 2045 2957 2628 2743 044 (g775)  (70.63)  (76.34)
08 08 8 08
F : . - - ore2 2182 2182 2782 g o8 o o 08 gion
20 20 20 20 84.67 8958 8650  84.67
Mean (25.11)  (25.51)  (25.98)  (25.53) 244 2776 26T 2646 (5933 (7866)  (71.06)  (73.02)
G c aXe G c GXC G c GXC
SEd 0124  0.096 0215 0201 0.142 0347 0466  0.330 0.808
CD (P=0.05) 0250  0.194 0433 0402 0.284 0696 0936 0661 1.621

(Figure in parentheses indicate arc sine transformed values)

Combinati Machine setting adjustments Seed grades
omoination Horizontal height (cm) Vertical height (cm)  Air blow rate (m3/hr) A Lighter weight D Heavy weight
C1 0 1.0 3.5 B Light weight E Heavier weight
Cc2 (6] 1.5 4.0 C  Medium weight F Bulk
c3 0 2.0 45
Among the biochemical parameters, the oil operated with the settings of C2. The percentage
content was less in A, B, C, E and bulk seeds when decrease for A, B, C, E grades and bulk seeds
compared to seed collected from outlet D of machine compared with D grade were 43, 27, 18, 21 and

19.5 % respectively.
Table 2. Effect of specific gravity of seeds on seed germination (%) and speed of germination of Annual
moringa var. PKM 1

Specific gravity grades Germination (%) Speed of germination
Cc1 Cc2 Cc3 Mean Cc1 Cc2 Cc3 Mean
74 64 77 71.67
A (59.37) (53.37) (61.38) B804 214 1.87 2.02 201
80 91 79 83.33
B (63.45) (73.02) (62.77) ©6.41) 241 241 230 231
84 93 85 87.33
¢ (66.45) (75.13) (67.29) ©9.62 28 2.94 2.74 283
89 97 92 92.67
D (70.70) (79.91) (70.70) 7377y >0 324 3.09 318
87 96 88 90.33
E (68.90) (78.66) (69.79) (72.45) 306 321 2.87 3.05
91 91 91 91.00
F (72.95) (72.95) (72.95) (72,05 15 315 315 315
84 88 85.33 86.06
Mean (66.45) (72.13) (67.42) ©867) 2 280 269 2.77
G c GXC G c GXC
SEd 0.611 0.432 1.058 0.025 0.017 0.043
CD (P=0.05) 1.225 0.866 2122  0.049 0.035 0.086

(Figure in parentheses indicate arc sine transformed values)

Machine setting adjustments Seed grades
Combination
Horizontal height (cm)  Vertical height (cm) Air blow rate (m3/hr) A Lighter weight D Heavy weight
Cc1 [0] 1.0 3.5 B Light weight E Heavier weight
c2 [0] 1.5 4.0 C Medium weight F Bulk
Cc3 (0] 2.0 4.5

107 | 10-12 | 462



Similarly, the decreasing trend was recorded with
reference to protein content of seed collected in the
outlets of A, B, C, E and bulk seeds compared with

seeds collected from outlet D viz, 43, 26, 15, 0.4
and 10 % respectively.

Table 3. Effect of specific gravity of seeds on root length, shoot length (cm) and dry matter production
(8/10 seedlings) of Annual moringa var. PKM 1

Specific gravity Root length (cm)

Shoot length (cm)

Dry matter production (g/10 seedlings)

grades
Cc1 c2 Cc3 Mean Cc1 c2 Cc3 Mean c1 c2 Cc3 Mean
A 4.13 4.80 4.19 4.37 14.81 14.76  15.07 14.88 0.42 0.47 0.43 0.44
B 4.30 5.30 4.30 4.63 15.18 16.25  15.69 15.71 0.43 0.50 0.44 0.46
C 4.45 6.21 4.68 5.11 15.82 16.36  16.45 16.21 0.45 0.51 0.46 0.47
D 4.71 7.69 5.69 6.03 16.76 18.16  17.26 17.39 0.49 0.57 0.51 0.52
E 4.65 7.34 5.00 5.66 16.45 17.43  16.85 16.91 0.47 0.54 0.47 0.49
F 5.18 5.32 5.18 5.23 17.02 16.29 17.02 16.78 0.52 0.52 0.52 0.52
Mean 4.56 6.11 4.84 5.17 16.00 16.54 16.39 16.31 0.46 0.52 0.47 0.48
G c GXC G C GXC G C GXC
SEd 0.046 0.033 0.080 0.123 0.087 0.214 0.006 0.005 0.011
CD (P=0.05) 0.092  0.065 0.160 0.247 0.175 0.429 0.013 0.009 0.022
Machine setting adjustments Seed grades
Combination
Horizontal height cm)  Vertical height (cm) Air blow rate (m3/hr) A Lighter weight D Heavy weight
C1 0 1.0 3.5 B Light weight E Heavier weight
Cc2 ] 1.5 4.0 C Medium weight F Bulk
Cc3 0 2.0 4.5

The carbohydrate content also followed the same
trend as that of oil and protein content of seeds was
collected from all five outlets (Table 5).

The data obtained in the present study showed
that protein, carbohydrate and oil content decreased
as the quality of seeds decreased.

Table 4. Effect of specific gravity of seeds on vigour Index |, vigour Index Il and field emergence (%) of

Annual moringa var. PKM 1

Specific gravity grades Vigour Index |

Vigour Index Il Field emergence (%)

c1 Cc2 Cc3 Mean c1 Cc2 C3 Mean c1 c2 Cc3 Mean
62 51 69 60.67
A 1402 1252 1484 1379.33 30.70 30.08 32.98 31.25 (51.95) (45.43) (56.18) (51.18)
65 71 70 68.67
B 1559 1961 1579 1699.67 34.22 4550 34.57 38.10 (53.74) (58.42) (56.80) (56.32)
70 76 72 72.67
C 1702 2098 1796 1865.33 37.80 48.36 38.69 41.62 (56.80) (60.68) (58.85) (58.78)
78 88 86 84.00
D 1910 2507 2112 2176.33 43.85 55.29 46.93 48.69 (62.04) (69.97) (66.45) (66.15)
77 84 79 80.00
E 1836 2378 1925 2046.33 40.91 51.84 41.34 44.70 (61.36) (66.07) (62.74) (63.39)
85 85 85 85.00
F 2020 1966 2020 1966.00 47.31 46.41 47.31 46.41 (66.83) (66.83) (66.83) (66.83)
72.83 76 76.33 75.17
Mean 1738.09 2027 1819.19 1855.50 39.13 46.25 40.30 41.79 (58.85) (61.20) (61.51) (60.44)
G C GXC G c GXC G C GXC
SEd 15.284 10.807 26.472 0.357 0.253 0.619 0.346 0.848 0.346
CD (P=0.05) 30.642 21.667 53.073 0.716 0.506 1.240 0.694 1.701 0.694
(Figure in parentheses indicate arc sine transformed values)
Machine setting adjustments Seed grades
Combination Horizontal height  Vertical height Air blow rate . ) )
(cm) (cm) (me/hn) A Lighter weight D Heavy weight
C1 (0] 1.0 3.5 B Light weight E Heavier weight
Cc2 (0] 1.5 4.0 C Medium weight F  Bulk
c3 0 2.0 4.5
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The observation on the filling percentages
showed that, as the seed quality decreased, the filled
seed percentage also decreased. The superiority

of the D grade seeds with reference seed filling,
hundred seed weight, protein and oil contents, was
recorded positively in the germination and seedling
vigour.

Table 5. Effect of specific gravity of seeds on oil content (%), protein content (%) and carbohydrates (%) of

Annual moringa var. PKM1

Specific gravity Qil content (%)

Protein content (%)

Carbohydrates (%)

grades c1i Cc2 C3  Mean Cc1 Cc2 C3  Mean c1 Cc2 c3 Mean
A 20.12 18.42 23.12 20.55 6.82 6.52 8.32 7.22 11.21 10.02 8.52 9.92
(26.65) (25.49) (28.74) (26.96) (15.12) (14.78) (16.76) (15.55) (19.56) (18.45) (16.97) (18.33)
B 23.18 23.70 24.62 23.83 8.15 8.38 8.52 8.35 10.51 11.34 11.37 11.07
(28.78) (29.12) (29.75) (29.22) (16.59) (16.82) (16.97) (16.79) (18.91) (19.67) (19.71) (19.43)
c 27.23 25.73 25.72 26.23 9.84 9.60 8.72 9.39 1217 13.39 12.19 12.58
(31.46) (30.48) (30.47) (30.80) (18.27) (18.05) (17.17) (17.83) (20.42) (21.45) (20.43) (20.77)
b 26.71 3252 27.14 28.79 10.48 11.38 11.01 10.96 12.62 1541 12.34 13.46
(31.12) (34.76) (31.40) (32.42) (18.88) (19.71) (19.38) (19.32) (20.81) (23.10) (20.57) (21.49)
E 25.33 26.67 26.18 26.06 10.17 11.34 10.46 10.66 13.18 14.27 14.27 13.91
(30.22) (31.09) (30.78) (30.70) (18.60) (19.67) (18.87) (19.04) (21.28) (22.18) (22.19) (21.88)
F 26.17 26.17 26.17 26.17 10.24 10.24 10.24 10.24 12.51 12.51 13.18 12.73
(30.77) (30.77) (30.77) (30.77) (18.65) (18.65) (18.65) (18.65) (20.70) (20.70) (21.28) (20.89)
M 24.79 25.53 25.49 25.27 9.28 9.58 9.55 9.47 12.03 12.83 12.51 12.28
ean
(29.83) (30.27) (30.32) (30.14) (17.69) (17.95) (17.97) (17.87) (20.28) (20.93) (20.70) (20.64)
G C GXC G C GXC G C GXC
SEd 0.130  0.092 0.225 0.076 0.054 0.132 0.078 0.055 0.136
CD (P=0.05) 0.261 0.184 0.451 0.152 0.108 0.264 0.157 0.111 0.272
(Figure in parentheses indicate arc sine transformed values)
Machine setting adjustments Seed grades
Combination ; ; ; ; ;
Horizontal height Vertical height Air blow rate . . .
(cm) (cm) (me/hn) A Lighter weight D Heavy weight
c1 0 1.0 3.5 Light weight E Heavier weight
Cc2 0 1.5 4.0 Medium weight F  Bulk
c3 0 2.0 4.5

The presence of empty /ill filled seed, is reflected
in the germination percentage of live seeds.
Generally, annual moringa seeds are reported to
have 5% of empty seeds.

110 100

8
Field emergence (%)

Cl-germinaiton %)

5 s C3-germinaiton (%)
Cl-field mergence (%)

e C3-field mergence (%)

Figure 1. Effect of specific gravity of seeds on seed
germination (%) and field emergence of annual
moringa var PKM1

The present-day moringa seed cost is around
Rs.3000/kg, and every seed is important for
regeneration purposes. Like that of moringa seeds,
some other cultivated crops seed also have a
similar kind of problem concerning seed quality
up-gradation. Several authors have recorded their
experience on the positive influence of upgrading the
seed quality on the subsequent seed germination
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and seedling vigour. Seed upgrading usually entails
the removal of empty, immature, broken or insect-
damaged seeds. After extraction and cleaning,
seed lots should be further conditioned to upgrade
the quality of the lots. Bonner and Switzer (1971)
reported the significance of upgrading the seed
quality of Platanusoccidentalis by the removal of
empty seeds. Eucalyptus seeds were upgraded
based on specific gravity by using water floatation
or gravity separator to significantly increase the
seed weight and germination (Dharmalingam et al.,
1973, Khan, 1976). Density grading of depulped
neem drupes using water has produced better
seedling production. Upgrading of Casuarina
equisetifolia seeds with specific gravity separator
significantly increased the seed weight, germination
and biochemical constituents (Umarani and
Vanangamudi, 2002), Similar result of soybean
seeds protein and oil content (Fehr 1967). Upgrading
of Okra (Yogesha et al., 2013), Aggregatum
Onion (Geetharani et al., 2008), Amaranths
(Manikandan and Srimathi, 2014), Lentil (Sinha
et al., 2009) and Onion cv. Arka Kalyan (Koteshi-



Lamani and Deshpande, 2017) seeds on specific
gravity separator significantly enhanced the seed
germination and seedling vigour.

CONCLUSION

The optimization of a specific gravity separator
machine for grading of moringa seeds revealed
the optimum values for design and operation
parameters such as horizontal height (cm), vertical
height (cm), air blow rate (m3/hr) adjustments
and deck oscillation (rpm). Optimum values of
0.0 cm, 1.5c¢m, 4.0 m3/hr and 450 rpm were
obtained for horizontal height, vertical height, air
blow rate adjustments and deck oscillation using
bulk moringa seed lot, respectively. To assess the
grading efficiency of the machine the following seed
quality parameters viz., 100- seed weight, seed
filling percentage and germination percentage were
used as a check. The machine operated with above
settings and seed collected from out let D recorded
significantly higher values for seed filling percentage
and germination percentage Both the vertical height
of the deck and air blow rate of the machine were
found to affect significantly the grading process of
the seed based on its size and weight.
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